Background: The improvement of medical condition requires prolonged hospital stays, which increase the risk of nosocomial bloodstream infections (BSIs). Methods: All nosocomial BSI newborns in two hospitals were included, and the demographic and clinical characteristics of bacteremia patients were obtained from the information systems. Isolates were identified by biochemical assays. Antimicrobial susceptibility was determined using disk diffusion method. Results: Except for three same risk factors, intubation with mechanical ventilation was a risk factor in Chongqing, while low birth weight was a risk factor in Henan. Klebsiella pneumoniae was the predominant strain in Chongqing, and Escherichia coli was the most prevalent strain in Henan. The resistance rate of gram-negative bacteria in Henan was higher than that of strains in Chongqing. Conclusions: The risk factors and resistance rate of pathogens were different in different areas. Therefore, treatment protocols should be established based on the trends of drug resistance and bacterial spectrum.
B A C K G R O U N D
Neonates are at a particularly high risk of developing BSI because the biochemical and mechanical properties of mucosal surfaces and immune systems are not fully mature in either function or quantity at birth [1, 2] . Of the 2.77 million children who died in their neonatal period, neonatal sepsis accounted for 15.2% [3] . The mortality rate of neonatal sepsis ranged from 10 to 14% [4, 5] . At the same time, with the rapid development of medical technology, life support and medical treatment have improved greatly. However, the improvement of medical condition requires prolonged hospital stays, which have been found to be associated with nosocomial bloodstream infections (BSIs) [6] . The neonatal BSI has been a significantly global problem, which has not been well solved. Studying on the etiology and risk factors of BSIs helps to make effective intervention programs.
According to previous studies, the most common pathogens causing BSIs have been identified as V C The Author [2017] . Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com Staphylococcus and Enterobacteria [7, 8] . However, the prevalence of pathogens varies in different hospitals because of different environments and treatments [9, 10] . Knowledge of the spectrum and antibiotic susceptibility in pathogens that can cause bloodstream infections is of great importance in the prevention and treatment of bacteremia in patients. The aim of this study was to investigate the epidemiological and clinical characteristics of bacteremia in neonates in two hospitals to obtain more information regarding BSIs for use in monitoring the effect of a current vaccine program and implementing more effective measures to prevent BSIs.
M E T H O D S

Study design
A retrospective study was conducted in the neonatal wards of two general teaching hospitals in Chongqing and Henan. The demographic and clinical characteristics of bacteremia patients, including age, gender, premature birth, low birth weight, use of therapeutic antibiotics and microbiological data, were obtained from the information systems of the two hospitals from 1 January 2003 to 31 December 2013. The inclusion criteria were as follows: the age of BSI patients was <28 days; the samples were sent for detection of nosocomial infection cases 48 h after patient admission; and blood cultures yielded at least one pathogen (when duplication was indicated after merging records for the same case, only the first one was included).
Bacterial identification
Blood cultures were processed using standard microbiological methods. The isolated pathogens were identified by biochemical assays using the Vitek system (bioMerieux, Hazelwood, MO). At the same time, the specimens were cultured on Sabouraud dextrose agar and chocolate agar plates in the presence of antibiotics to identify potential fungal pathogens and were further analyzed by microscopy (germ tube formation in horse serum) and biochemical API20C AUX and/or API 32C (BioMérieux) assays.
Antibiotic susceptibility and extended-spectrum b-lactamases confirmatory test The susceptibilities of bacterial isolates to different antibiotics were tested using the Kirby-Bauer disk diffusion method on Mueller-Hinton agar. The antibiotic susceptibility criterion was according to the latest available guidelines of the Clinical and Laboratory Standards Institute (CLSI, 2015). The isolates were subjected to extended-spectrum b-lactamases (ESBL) confirmatory tests using the ceftazidime and ceftazidime-clavulanic acid and the cefotaxime and cefotaxime-clavulanic acid combination disks. A difference of 5 mm between the zone of inhibition of a single disk and in combination with clavulanic acid (inhibitor) was confirmed to be produced by an ESBL-positive isolate. Escherichia coli ATCC 25922 and ATCC 35218 and Klebsiella pneumoniae ATCC 700603 were used as control strains. The antibiotic disks were obtained from Becton, Dickson Company, Maryland, USA.
Statistical analysis
Differences between groups were determined by v 2 tests using the Statistical Package for the Social Sciences (SPSS version 10.0). When N 40, Fisher's exact probability tests were used. A p-value of <0.05 was considered statistically significant.
R E S U L T S
During the study period, we collected 221 pathogens from 204 patients with BSI in Chongqing and 350 pathogens from 326 BSI patients in Henan. The BSI rate in Chongqing was 1.1% (204 of 18 069), while a higher BSI rate of 1.3% (326 of 25 077) was identified in Henan. Forty-one patients were collected two species pathogens, and no one was collected more than two isolates. The clinical characteristics and BSI risk factors among the newborns from the two hospitals are shown in Table 1 . The mortality rate in newborns with BSI in Chongqing was higher than that of non-BSI newborns. Premature delivery, use of therapeutic antibiotics for a duration >3 days and presence of a central venous catheter were all risk factors for BSI among newborns in the two hospitals. Moreover, intubation with mechanical ventilation was a risk factor for BSI among newborns in Chongqing, while low birth weight was a risk factor for BSI among newborns in Henan. Differences between the spectrum of pathogenic bacteria identified in newborns with BSI in the two hospitals are presented in Table 2 . Coagulase-negative Staphylococcus (CoNS) was the most frequently isolated strain in patients with BSI. Klebsiella pneumoniae was the predominant strain in newborns with BSI in Chongqing; however, E. coli was the most prevalent strain in Henan. A comparison of the resistance rates to antimicrobial agents in gram-negative bacteria isolated from the newborns with BSI in the two hospitals is presented in Table 3 . The resistance rate in gramnegative bacteria from Henan was higher than that in strains from Chongqing. In the two hospitals, gramnegative strains were highly resistant to ampicillin and ampicillin/sulbactam. However, all bacterial isolates were sensitive to imipenem. The susceptibility rates of gram-positive isolates to antibiotics from the two hospitals are shown in Table 4 . Gram-positive bacteria were highly resistant to oxacillin, erythromycin and penicillin. The majority of bacteria were sensitive to linezolid. The prevalence of ESBL-producing Enterobacter species (K. pneumoniae, E. coli and Enterobacter cloacae) accounted for 20.5% (15 of 73) of BSI in newborns in Chongqing, while the prevalence of ESBL-producing Enterobacter species was 35.6% (52 of 146) in Henan.
D I S C U S S I O N
In our study, the nosocomial BSI rate in newborns was lower than that identified in other reports [11, 12] , which may be because while the hospitals included in this study are the largest hospitals in Chongqing and Henan, newborns with emergent and severe diseases may need to be transferred to a children's hospital with more specialized services. The risk factors identified in our study have all been reported previously in other studies [11, [13] [14] [15] . The reason why different risk factors may be identified in different hospitals is likely because of differences in the inpatient populations and hospital conditions. There have been a few reports about risk factors for nosocomial BSI, and it is necessary for us to develop more similar studies to evaluate risk factors within specific hospitals, as accurate evaluation of these risk factors may improve infection control procedures. Moreover, to the newborn with ascertain risk factors, we should take targeted measures to avoid BSI.
Similar to prior studies in China and abroad [11] [12] [13] 16] , the most frequently identified pathogen in this study was CoNS and the most nosocomial Note: *p < 0.05; **p < 0.01.
BSI-negative pathogens were caused by Enterobacter species. The result suggests that most nosocomial BSI pathogens were endogenous in this study. However, there were some differences to some kinds of pathogens. Streptococcus pneumoniae was the common nosocomial BSI pathogen in a report of Australia, and Acinetobacter was the most common pathogen in a Vietnam hospital. The spectrum of pathogenic bacteria in different areas and different hospitals may differ. When a type of pathogen was found to be frequently isolated from patients with BSI, it was meaningful for us to assess if there was an outbreak of that type of pathogen. Based on the study results, we conducted an epidemiological investigation of K. pneumoniae and E. coli using pulsed-field gel electrophoresis and found that there was a small-scale outbreak in the neonatal ward during a certain period (data not shown). Therefore, the higher isolation rates of K. pneumoniae and E. coli in different hospitals may have been associated with this outbreak. To the empirical therapy of nosocomial BSI, we should pay more attention to the popular pathogens of local areas. The resistance rates of pathogens causing BSIs in pediatric neonatal wards have been different in different areas [17, 18] , which may be because of different treatment protocols and antibiotic application principles. Only the resistance rate from the same area or hospital helps to choose antibacterial drug, especially to continued surveillance of antimicrobial resistance. We should develop treatment protocols based on the trends in drug resistance and spectrum of pathogenic bacteria.
Neonatal nosocomial BSIs are public health threats in the world, which had no effective therapeutic schedule. The efficacy infection control program could reduce nosocomial BSIs in neonatal unit [19, 20] . Continued surveillance of the nosocomial infection data was the foundation of effective infection control programs. These surveillance data have several limitations: first, this was a retrospective study; second, because of its retrospective nature, we solely identified risk factors and did not carry out any further studies.
C O N C L U S I O N S
When a newborn is suspected to have developed a BSI, most patients require empiric treatment because of the need for timely management. In our study, we analyze the spectrum of and resistance in pathogens from newborns; this information will help us to choose effective narrow-spectrum antibiotics to decrease bacterial resistance. Further, we analyzed the risk factors for BSI, which can be used to develop reasonable infection control programs to decrease nosocomial infection rates. A timely, detailed and accurate epidemiological investigation would be greatly helpful.
